Observation of pseudo-two-dimensional electron transport in the rock salt-type topological semimetal LaBi
Topological insulators are characterized by an inverted band structure in the bulk and metallic surface states on the surface. In LaBi, a semimetal with a band inversion equivalent to a topological insulator, we observe surface-state-like behavior in the magnetoresistance.
The electrons responsible for this pseudo-two-dimensional transport, however, originate from the bulk states rather topological surface states, which is witnessed by the angledependent quantum oscillations of the magnetoresistance and ab initio calculations. As a consequence, the magnetoresistance exhibits strong anisotropy with large amplitude (~ 10 5 %).
Topological insulators (TIs) are characterized by their conducting surface states due to the nontrivial topology of the bulk band structure. [1, 2] A three dimensional (3D) topological insulator has topologically protected conducting surface states in the form of an odd number of Dirac cones. Not limited to insulators, topological states have also been observed in semimetals for example Weyl semimetals and Dirac semimetals, in which conduction and valence bands disperse linearly through nodal points in all directions in the threedimensional space. [3] [4] [5] [6] [7] When these bands are doubly degenerate, the system is called a Dirac semimetal. If the degeneracy is lifted by breaking time-reversal and/or inversion symmetry, properties of a Weyl semimetal can be observed. Weyl semimetals exhibit exotic
Fermi arcs in the surface states [3] and interesting transport phenomena such as extremely large magnetoresistance (MR) and high charge carrier mobility. [8, 9] A group of topological materials exist, however, with a zero energy gap, which are actually semimetallic and referred as topological semimetals (TSMs). For example, the Heusler TIs usually exhibit an inverted band structure and the gapless feature at the Fermi energy. [10] [11] [12] Large MR and high mobility were also reported in these compounds such as LaPtBi. [13, 14] However, it is still illusive to distinguish the contributions by the bulk and surface states to the transport properties because of the semimetallic nature of TSMs.
Recently a new series of compounds, lanthanum monopnictides, were theoretically predicted to be TSMs [15] , which stimulates the interest in their transport properties. [16] The last member, LaBi, is particularly interesting because of the largest spin-orbit coupling which may result into topological surface states. Our experiments reveal a large, unsaturated MR in LaBi, which is due to the electron-hole compensation in this semimetallic The Vienna Ab-initio Simulation Package (VASP) was adopted to perform the densityfunctional theory (DFT) calculations. [19, 20] The hybrid functional (HSE06) [21] with spinorbital coupling was used to calculate the electronic structures. The bulk Fermi surfaces and the band structures were interpolated by maximally localized Wannier functions (MLWFs) [22] [23] [24] . The experimental lattice constant a = 6.5797 Å of rock salt LaBi was adopted.
LaBi has the largest spin-orbit coupling of all lanthanum monopnictides and it readily grows -cm at 2 K resulting a residual resistivity ratio (RRR) = 339 confirming the high crystal quality, in fact the residual resistivity of LaBi is even less than in other known semimetals (WTe 2 , NbP). Moreover, the conductivity per unit charge carrier at 300 K is of the same order as in highly metallic elements like copper.
When a magnetic field is applied, a metal to insulator-like transition is observed at low temperature and the transition temperature increases with increasing magnetic field ( Fig. 
1(d))
. This was first observed in graphite but now it is well known for many semimetals possessing high mobility. [8, 17, 18, 25, 26] This phenomenon has broadly been attributed to the formation of excitons resulting in opening up of an excitonic gap in the material, which is enhanced in the magnetic field. [101] direction indicating smaller anisotropy compared to LaBi. Ab initio calculations [28] clearly show the larger anisotropy in LaBi compared to LaSb which will be discussed further in the following sections.
The field dependent resistivity shows SdH quantum oscillations, which are detected at low temperatures and fields as low as 2 T. To extract their amplitude of the oscillations, a third order polynomial was subtracted from the resistivity; the resulting oscillations at different temperatures are plotted against the inverse magnetic field (inset of Fig. 2(c) ). These oscillations are highly periodic and their amplitudes diminish with increasing temperature beyond 10 K. We employed a fast Fourier transform (FFT) in order to extract the frequencies involved in the oscillations (Fig. 2(c) ). We notice that two fundamental frequencies, The band structure along high-symmetry lines for LaBi is shown in Fig. 3(a) . and three electron pockets () in the first Brillouin zone (BZ). These electron pockets are identical in shape and they are located at every X-point.  and  are strongly anisotropic as shown in Fig. 3(b) , but the pocket  is nearly spherical and lies entirely inside  at the -point. All pockets have only one extremal orbit when the field is applied along the crystallographic axes.
Experimentally, by tracking the angle dependent SdH frequencies it is possible to reconstruct the entire Fermi surface. In this process, we rotate the whole resistivity setup to In summary, we show from electrical transport measurements and ab-initio calculations that despite having topologically protected insulating gap, LaBi behaves as a semimetal with very high bulk conductivity. At low temperature, the transport in lanthanum monopnictides is dominated by highly elongated 3D electron pockets centered at X-points in the Brillouin zone which behave like pseudo-2D and roughly follow the inverse cosine rule. Additionally, co-presence of electron and hole pockets makes LaBi a compensated material, with a huge unsaturated magnetoresistance and remarkable anisotropy. 
Comparison of MRs at different fields

Two band model
As the Fermi surface of LaBi has four fold symmetry, the Hall conductivity tensor can be defined as: Here, n h ,  h are density and mobility of hole whereas as n e ,  e are density and mobility of electron respectively; e is the electronic charge. Using these equations, Hall conductivity can be fitted to obtain hole and electron density and mobility as fitting parameters. 
